We report on the observation of exchange bias and memory effect in double perovskite Sr 2 FeCoO 6 . Antiphase boundaries between the ferromagnetic and antiferromagnetic regions in the disordered glassy phase is assumed as responsible for the observed effect which reflects in the cooling field dependence and temperature evolution of exchange bias field and in training effect. The spin glass phase itself is characterized through memory, ageing and magnetic relaxation experiments. The spin glass transition temperature, T g , versus H 2/3 dc follows the Almeida-Thouless line yielding a freezing temperature, T f = 73 K. Time-dependent magnetic relaxation studies reveal the magnetization dynamics of the underlying glassy phase in this double perovskite.
report the observation of exchange bias in a spin glass double perovskite thereby, extending the generality of this phenomenon.
The spin glass (SG) nature of Sr 2 FeCoO 6 , with transition temperature T g ≈ 75 K, studied through macroscopic magnetization and structural studies using neutrons has been reported elsewhere 13 . In this paper we focus on detailed magnetization measurements in field-cooled and zero field-cooled conditions along with magnetic relaxation measurements conducted using commercial SQUID magnetometer and physical property measurement system (both M/s Quantum Design Inc.).
As the first set of magnetization measurements, field-cooled hysteresis curves at different temperatures were measured on Sr 2 FeCoO 6 . To this effect, the sample was field-cooled from 120 K to a temperature below T g with an applied field of 50 Oe (after each M(H) curve the sample was demagnetized by warming up to 120 K). The field-cooled magnetic hysteresis loops at different temperatures in the range 30 -70 K, that show clear shifts resembling EB are presented in Fig 1 (a) . The loop-shifts in the M(H) plots, as seen in the figure, can signify exchange bias due to the spins at of FM/AFM, FM/SG interfaces. In Sr 2 FeCoO 6 , antisite disorder leads to SG phase at low temperature which then forms FM/SG interfaces which can cause exchange anisotropy. In order to avoid minor loop effect in the observation of a genuine EB-shift, the optimal maximum applied field (H max ) should be greater than the anisotropy field (H A ) of the system. From the analysis of initial magnetization at 50 K using M = M s (1 − a/H − b/H 2 ) + χH and using the relations b = 4K is saturation magnetization, a, b are free-parameters, K 1 is anisotropy constant, χ is the high-field susceptibility). Consequently, our hysteresis measurements were performed such that the maximum applied field H max > H A . Fig. 1 (b) , shows that the effect of applied fields greater than 10 kOe is to diminish the effect of exchange bias. Similar effect of vanishing EB at high fields has been reported for cluster glass perovskite cobaltites 16 . In order to confirm that the exchange bias effect is intrinsic, we performed training effect experiment where the M(H) curve at 50 K is recorded in field-cooled condition for 12 continuous loops.
In Fig 1 (c) In the case of spin glass systems, the peak at T g in the imaginary part of ac magnetic susceptibility shifts to low temperature with increasing value of superimposed dc field. The evolution of T g with applied magnetic field can be explained by Almeida-Thouless (AT ) line in a H-T phase diagram 18 . The AT line is described by the equation,
Here ∆J is the width of the distribution of exchange interactions, H dc is the superimposed dc magnetic field and T C is the transition temperature. Fig 3 (a) is the plot of T g versus In order to further test the glassy magnetic ground state in Sr 2 FeCoO 6 , memory experiments were conducted, for which, the sample is first zero field-cooled to low temperatures at a constant cooling rate, while recording magnetization. While cooling, intermediate stops are administered below T c when the measurement is stopped (for 2 h) and magnetization is allowed to relax. After reaching the lowest possible temperature, the sample is heated back at a constant heating rate without administering any stops and magnetization is recorded. In order to study the magnetic relaxation mechanisms stemming from the underlying magnetic glassy state, time dependent magnetization with different wait times were recorded at 50 K. For these measurements, the sample was zero field-cooled to 50 K, a wait time t w was administered and then the magnetization was measured as a function of time. Evident from Fig 4 (a) , a clear dependence on t w can be seen wherein the system becomes magnetically stiffer as the wait time increases; which is common among canonical spin glasses. Fig 4   (b) shows time-dependent magnetization at t w = 3600 s but at different temperatures. The time-dependent magnetization was fitted well with a stretched exponential of the form
where M 0 is the intrinsic ferromagnetic moment, M g is the glassy component of the moment, t r is the characteristic time component and n is the stretched exponential exponent. Eqn. (2) is similar to Kohlrausch law 21 which is used to explain magnetic, dielectric and optical phenomena where relaxation mechanisms play a important role in the dynamics. The exponent in Eqn. (2) is temperature dependent, and according to the percolation model, varies in the range 1 3 ≤ n ≤ 1 22 . Table I shows the parameters obtained from the fit according to Eqn (2) . The values of n and M 0 are independent of t w while the characteristic time scale t r varies with t w typical of canonical spin glasses 23 . The characteristic time varies slowly with the wait time, but the dependence of t r on t w implies that it is in a non-equilibrium state and that of the memory effect. Negative temperature cycling of magnetization in zero field-cooled (ZFC) and field-cooled (FC) protocols were also performed to complement the memory effect. In the ZFC protocol, the sample was cooled down to 35 K in ZFC mode and a field of 100 Oe was applied to measure magnetization for time t 1 . Further, the sample was cooled down to 30 K, the field is switched off, immediately after which the magnetization is recorded for another time t 2 . After t 2 the system is taken back to 35 K and magnetization measured for time t 3 . In the above measurement, t 1 = t 2 = t 3 = 3600 s. In such a scenario, the SG phase forms the frozen phase where magnetization is irreversible while that of the FM phase is reversible. In the present case, we assume a minority FM phase which coexist in a majority AFM disordered (glassy) phase as deduced from the hysteresis curves and lack of saturation magnetization. With reduction in temperature, increasing number of disordered AFM (or glassy) domains freeze and this progressive freezing leads to enhancement of H EB at low temperature. The dependence of H EB on H F C is understood based on the competition between the Zeeman coupling energy and the exchange energies at the interfaces. At low cooling fields, field-cooling induces progressive enhancement of freezing of domains and hence H EB increases whereas at high cooling fields, Zeeman energy overcomes the magnetic interactions at the interface.
In conclusion, we report the observation of exchange bias in the double perovskite Sr 2 FeCoO 6 which is a spin glass. The claim of intrinsic exchange bias is supported through field-cooled hysteresis measurements, dependence of exchange bias fields on cooling fields and tempera- 
